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The high-pressure behavior of molybdenum trioxides MoO3 has been investigated by
angle-dispersive synchrotron x-ray powder diffraction and Raman spectroscopy techniques in a
diamond anvil cell up to 43 and 30 GPa, respectively. In the pressure range of up to 43 GPa,
structural phase transitions from the orthorhombic -MoO3 phase Pbnm to the monoclinic
MoO3-II phase P21 /m, and then to the monoclinic MoO3-III phase P21 /c, occurred at pressures
of about 12 and 25 GPa at room temperature, respectively. Our observation of the transition from the
orthorhombic -MoO3 to the monoclinic MoO3-II phase is in disagreement with earlier studies in
which the phase transition could not be obtained when only pressure is applied. The changes in the
Mo–O distances and O–Mo–O and Mo–O–Mo angles may explain the changes in Raman spectrum.
The pressure dependence of the volume of two monoclinic high-pressure phases is described by a
third-order Birch–Murnaghan equation of state, which yields a bulk modulus value of B0
=143.413 GPa with B0=12, and B0=261.93 GPa with B0=3.5. © 2009 American Institute of
Physics. DOI: 10.1063/1.3056049
I. INTRODUCTION
Transition metal oxides such as CrO3, MoO3, WO3, and
V2O5 show several types of complex structures formed
mainly by two-dimensional 2D or three-dimensional
frameworks of octahedra or tetrahedra.1–4 These materials
are characterized by many interesting physical and chemical
properties and are frequently used in chemical and electronic
industries. At room temperature, molybdenum trioxide
MoO3, a thermodynamically stable layered structured ma-
terial, is widely used in industry due to its unique properties
in photoluminescence, photochromism, and electro-
chromism. These properties made it one of the most promis-
ing candidates for many technological applications, such as
battery electrodes, large-area display devices, gas sensor,
etc.5–11 Other metastable structures of MoO3, though show-
ing some novel or enhanced properties compared to their
thermodynamically stable forms,12–15 are usually more diffi-
cult to prepare at ambient condition.
It is of great importance to study the pressure-induced
phase transformations among transition metal oxides poly-
morphs in order to establish the stable and metastable phase
relations between different crystalline modifications, explore
new phases of materials, and evaluate their production under
different synthesis conditions. As we all know, molybdenum
trioxides can exist in five forms: the well-known thermody-
namically stable phase of -MoO3 and metastable phases of
h-MoO3, -MoO3, -MoO3, and MoO3-II. The
-MoO11O22O33 has a unique 2D layered structure, contain-
ing edge- and corner-linked octahedra to form ac-planes,
which are weakly bound in the b-axis direction by van der
Waals forces.16,17 The hexagonal molybdenum trioxide
h-MoO3 structure is, however, a distorted octahedron of
MoO6, belonging to one of the ReO3-type, which consists of
a three-dimensional array of corner-sharing MoO6
octahedrons.18 McCarron19 and Parise et al.20 prepared a
novel metastable -MoO3 phase by low temperature tech-
nique, which is closely related to that of a monoclinic form
of WO3, containing two crystallographically independent oc-
tahedra. Parise et al.21 reported that -MoO3 might be re-
garded as an intermediate structural state between the corner-
linked octahedra found in the ReO3-type structure and the
chains of corner-linked tetrahedra in -MoO3. McCarron and
Calabrese24 found that the combination of high pressure and
high temperature did result in the formation of new layers of
metastable phase, MoO3-II, using a tetrahedral anvil appara-
tus at elevated temperature. However, the stacking sequence
of the layers of MoO3-II aaa differs from that of -MoO3
aba.22 It is important to understand the phase transition
mechanism of MoO3 in order to promote the formation of
specific metastable polymorphic forms. In a previous work
on single crystal -MoO3, Åsbrink et al.23 reported the lat-
tice parameters of -MoO3 as a function of pressure up to
7.4 GPa at ambient temperature, but did not find any high-
pressure phase transition. McCarron and Calabrese24 showed
a high-pressure monoclinic phase MoO3-II at 60 kbar and
700 °C. They claimed that pressure alone would not cause
the phase transition from -MoO3 to MoO3-II. We demon-
strated in this work, however, that this high-pressure phase
can be achieved at 12 GPa and room temperature. What is
more, we found that there is another new high-pressure phase
at 25 GPa.aCorresponding author.
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In this paper, we presented a comprehensive investiga-
tion on pressure-induced structural phase transitions of mo-
lybdenum trioxide at room temperature using in situ syn-
chrotron angle-dispersive x-ray diffraction XRD and
Raman spectroscopy measurements in a diamond anvil cell
DAC up to pressures of 43 and 30 GPa, respectively. Our
results show that -MoO3 undergoes two structural phase
transitions under high pressures. We also present and discuss
the results on the structural and lattice dynamical behaviors
of the new phases of molybdenum trioxide.
II. EXPERIMENT
Commercially available molybdenum trioxide powder
99.995% was loaded into a gasketed high-pressure Mao–
Bell-type DAC with a culet face of 500 m in diameter. The
structure of the material was refined and confirmed to be the
orthorhombic form, corresponding to -MoO3. High-
pressure Raman experiments were carried out at room tem-
perature up to 30 GPa. Molybdenum trioxide powder and
ruby particles were loaded into a small hole 120 m in
diameter and 70 m thick drilled at the center of a prein-
dented stainless steel gasket placed on the top of the DAC
with a mixture of 16:3:1 methanol/ethanol/water as the
pressure transmitting medium. Pressure was determined from
the frequency shift of the ruby R1 fluorescence line.25 By
monitoring the separation and widths of both R1 and R2 lines,
we confirmed that hydrostatic conditions were maintained
throughout the experiments. The precision of our pressure
measurements was estimated to be around 0.05 GPa. High-
pressure Raman spectra were recorded on a Renishaw inVia
Raman microscope in the backscattering geometry using the
514.5 nm line of an argon ion laser, provided with a charge
coupled device CCD detector system. Pressure-induced
shifts of overlapping Raman bands were analyzed by fitting
the spectra to Lorentzian functions to determine the line
shape parameters. Experimental details regarding the Raman
and ruby fluorescence systems will be presented below.
For the high-pressure x-ray experiments, samples
and a few particles of Au were loaded into a hole of
100 m diameter drilled in a preindented 60 m thick
T301 stainless steel gasket, which was placed on a DAC
with a 400 m culet face. The sample powder with the
liquid quasihydrostatic pressure-transmitting medium
methanol /ethanol /water=16:3 :1, is similar to that used in
the Raman studies. Pressure was determined from the known
equation of state of gold.26 In situ high-pressure angle-
dispersive XRD experiments were carried out up to 43 GPa
using angle dispersive synchrotron x-ray source 
=0.6199 Å of the 4W2 High-Pressure Station of Beijing
Synchrotron Radiation Facility BSRF. The diffraction data
were collected using MAR165 CCD detector. The Bragg dif-
fraction rings were recorded with an imaging plate detector
and the 2D XRD diffraction images were analyzed using the
FIT2D software, yielding one-dimensional intensity versus
diffraction angle 2 patterns.27 Average acquisition time was
200 s. The sample-detector distance and geometric param-
eters were calibrated using a CeO2 standard from NIST.
Simulation and analysis of the XRD patterns at different
pressures were performed using the MATERIAL STUDIO pro-
gram. Unit cell parameters were obtained using DICVOL91,
and structure refinement space group was carried out using
the Rietveld method.28 During each refinement cycle, the
scale factor, background parameter, and cell parameter were
optimized.
III. RESULTS AND DISCUSSION
A. Pressure dependence of the vibrational modes
Raman spectroscopy is one of the most convenient and
powerful tools to study structural characters of materials
through the solid-state effects on dynamical properties. It
provides valuable information on local and cooperative
changes during pressure-related transformations between
phases. The layered structure of -MoO3 contains edge- and
corner-linked octahedra, as shown in Fig. 1a. Negishi et
al.2 reported that -MoO3 contains one Mo atom and three
nonequivalent types of O atoms, namely, O1, O2, and O3.
The Mo–O1 bond is the shortest bond with a length of 1.67
Å. In the c axis direction, there are two equal Mo–O2 bonds
with a length of 1.95 Å; the third bond is in the b axis
direction with a length of 2.33 Å. Along the a axis, there are
two Mo–O3 bond lengths with 1.73 and 2.23 Å,
FIG. 1. Color online a Orthorhombic -MoO3 structure with aba stacking. Mo6+ ions occupy octahedral and interstices within the lattice of O2− ions. b
Monoclinic MoO3-II structure with aaa stacking showing MoO6 octahedra coordination. Molybdenum atoms of the b layer within MoO6 a mirror plane
compared with -MoO3. c The new high-pressure phase MoO3-III with monoclinic P21 /c structure. Purple circles represent the Mo atoms and red circles
the O atoms.
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respectively.29 Group theory predicts the following represen-
tation for the center of the Brillouin zone q=0 optical vi-
brational modes of molybdenum trioxide with space group
D2h
16
. The irreducible representation is given as
 = 8Ag + 8B1g + 4B2g + 4B3g + 4Au + 3B1u + 7B2u
+ 7B3u,
where Ag, B1g, B2g, and B3g represent Raman-active modes,
Au is an inactive mode, and the B1u, B2u, and B3u are
infrared-active modes.2,29 Figure 2 shows some representa-
tive Raman spectra of molybdenum trioxide in the frequency
range of 100–1100 cm−1 at different pressures. At ambient
condition, the positions of all the Raman peaks observed are
in good agreement with those described in the
literatures.29–32 The intensity of the Raman peaks varies
based on the crystal orientation and the polarization of the
laser source. The vibration modes in -MoO3 appear around
the 1000–600 and 600–400 cm−1, and below 200 cm−1,
which correspond, respectively, to the stretching, deforma-
tion, and lattice modes. A rather narrow band at 996 cm−1 is
coming from the antisymmetric Mo=O1 stretching Ag, in
which the bonding aligns along the b axis direction. The
strongest peak at 817 cm−1 represents the symmetric
Mo–O3–Mo stretching Ag with the bonding aligning
along the a axis direction. Two weak and broad bands at 667
and 471 cm−1 are results of the antisymmetric
Mo–O2–Mo stretching B2g and bending Ag, respec-
tively. The peaks at 378 and 365 cm−1 are the B1g and Ag
modes, corresponding to the O2=Mo=O2 scissor. The band
at 338 cm−1 is characteristic of the O3–Mo–O3 deforma-
tion B1g. The spectrum has a broadband at 284 cm−1 and a
weak shoulder centered around 291 cm−1, corresponding to
the O1=Mo=O1 wagging B2g and B3g, respectively. The
peaks at 246, 217, and 198 cm−1 correspond to the B3g, Ag,
and B2g modes, respectively, due to the O2–Mo–O2 scissor.
The peak at 157 cm−1 is coming from the O2Mo2n mode.
The peaks at 116 and 130 cm−1 are characteristics of the
translational rigid MoO4 chain mode B2g and B3g, respec-
tively. We will analyze and discuss the results of the high-
pressure Raman experiments data in detail below.
In Fig. 2, we can clearly see that the Mo–O2–Mo
stretching mode, O1=Mo=O1 wagging mode, and the
O2Mo2n mode show a large change in frequency with
pressures up to 11.9 GPa. Moreover, the intensity of all
lower-frequency O2–Mo–O2 scissor Raman peaks dimin-
ish gradually and completely disappear as pressure is in-
creased to 11.9 GPa. When the pressure is up to 11.9 GPa, a
new Raman peak appears and becomes clearer at higher
pressure. With the increase in pressure above 12.9 GPa, the
spectral shape changes considerably where some peaks
merge into broadbands while others simply disappear, such
as the O1=Mo=O1 wagging and the Mo–O2–Mo stretch-
ing bands becoming indiscernible at 16.9 GPa. The pressure
dependence of Raman phonon frequencies from 0 to 29.5
GPa is shown in Fig. 3. We can see that all vibrational peaks
shift toward higher frequencies and there are apparent dis-
continuities around 11.9 GPa for all modes, suggesting that a
first structural phase transition may have begun at 11.9 GPa
and completed at 16.9 GPa in molybdenum trioxide under
room temperature. The Raman spectrum observed in this
work at 16.9 GPa is similar to the spectrum of the MoO3-II
phase provided by previous workers.22 They also reported
that the phase conversion of the a-MoO3 phase to the
MoO3-II phase involved changes in the stacking sequence of
MoO11O22O33 layers, from aba ortho to aaa mono. Our
high-pressure x-ray experiments confirm such phase transi-
tion from the a-MoO3 phase to the MoO3-II phase.
Looking at the Raman spectra at 24.4 GPa, we can see
dramatic changes with respect to that of the MoO3-II struc-
ture at lower pressures in Fig. 2. All Raman vibrational
FIG. 2. Raman spectra recorded the nonreversible structural transition of
MoO3 at different pressures in the 100–1100 cm−1 frequency regions. The
assignment of the experimentally observed Raman peaks is based on the
theoretical analysis. Symbols  and  show the appearance of new Bragg
peaks corresponding to the MoO3-II and MoO3-III phases, respectively. The
top panel is a Raman spectrum at 0.2 GPa after decompressing from 29.5
GPa.
FIG. 3. Color online Pressure dependence of phonon frequencies of MoO3
during compression from 0 to 29.5 GPa. The three regions correspond to
different phases. Different modes are labeled in the figure.
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modes of the MoO3-II phase vanish entirely except the
Mo–O2–Mo bending peak. On the other hand, six new
Raman peaks are exhibited clearly in the energy range of
100–1100 cm−1. With pressure up to 29.5 GPa, the new
Raman peaks position remains nearly unchanged, as shown
in Fig. 3. These Raman features at high pressures provide
supporting evidence for another new high-pressure structural
transition in a-MoO3 at 24.4 GPa. Compared to the a-MoO3
and MoO3-II phases, the second high-pressure phase in the
Mo–O stretching region above 600 cm−1 clearly indicates
that the structures are dissimilar. It is worth mentioning that
the peak associated with the unique molybdenyl bond
Mo=O1 stretching, which is responsible for the layered
structure, is absent from the spectrum of the new phase.
From the Raman spectrum we thus infer that the second
high-pressure phase is not a layered structure.33 Most notice-
ably, the intense new Raman peaks 786, 834, and 893 cm−1,
which are assigned to the stretching vibrations of the metal-
oxygen bonds in the corner-sharing octahedra, most likely
indicate the site symmetries.17 The Raman spectrum of the
second high-pressure phase suggests that it has a close struc-
tural similarity to -MoO3. However, the peaks at 834 and
893 cm−1 of the new structure are at slightly lower wave
numbers than those of -MoO3 848 and 902 cm−1, while
the peak at 786 cm−1 is ten wave numbers higher than that
of -MoO3776 cm−1. In addition, their relative intensity is
different for the two phases. The above observation strongly
suggests that the new high-pressure phase is likely a distor-
tion of the ReO3 structure and belongs to a structure similar
to that of the -MoO3 phase. We further performed a high-
pressure x-ray experiment that also revealed such a transition
at this pressure. The top pattern in Fig. 2 presents the Raman
spectrum when the pressure is released to 0.2 GPa. It has the
same pattern as that of the starting material except for
broader features, indicating the reversibility for the two
phase transitions.
B. X-ray probing of the pressure effects
The in situ XRD experiments of molybdenum trioxide in
DAC were performed at various pressures up to 43 GPa. The
result is shown in Fig. 4. Rietveld refinements were carried
out at various pressures using the MATERIALS STUDIO soft-
ware to obtain the cell parameters. At ambient condition, all
the diffraction peaks can be indexed to a pure orthorhombic
unit cell of -MoO3 with the space group of Pnma and lat-
tice constants of a=13.8221 Å, b=3.6954 Å, and c
=3.9522 Å by the Rietveld refinement method. The num-
ber of molecules of this phase per unit cell Z is 4 and the
lattice parameters and unit cell volume V0=50.253 Å3 are
in good agreement with those previously reported in the
literature.2
With the increase in pressure, the diffraction lines shift
toward higher 2 angles accompanied by change in relative
intensities. The spectrum shows some different features from
the low-pressure spectra at 9.5 GPa. Bragg peaks located at
2=21.2° 221 and 21.5° 112 merging into a broad dif-
fraction peak. At the same time, a new diffraction line
emerging around the lower angles 12.4° is indicative of a
transformation to the high-pressure phase. When the pressure
reaches 13.4 GPa, additional diffraction peaks assigned to
the high-pressure phase arise remarkably, and, in the mean-
time, all diffraction peaks from the -MoO3 disappear. There
is a large pressure range where the two phases coexist, which
might be explained as the kinetic effects of the first-order
transition. It was reported previously that phase transition
takes place from -MoO3 to MoO3-II at 60 kbar and 700 °C,
and pressure alone will not bring about this phase
transition.22–24 However, our Rietveld refinement for this
phase using the P21 /m structural model at 13.44 GPa yields
a very good fit Rwp=4% Fig. 5a, indicating high pressure
alone did bring about this phase transition, in disagreement
with previous reports.23,24 The lower profile in this figure is
the difference curve between the calculated and the observed
data. The lattice parameters refined within this space group
for the new phase were a=3.8603 Å, b=3.7116 Å, c
=6.3294 Å, =104.811°, and unit cell volume V0
=87.665 Å3 Z=2, as shown in Fig. 1b. The conversion
of a-MoO3 to MoO3-II involves the displacement of molyb-
denum atoms of the b layer within the MoO6 octahedra in the
direction of the edge-shared double chains which are
equivalent to a mirror plane of the b layer about the stacking
axis, resulting in the aaa stacking of the high-pressure
monoclinic form, as opposed to the aba stacking of the
stable orthorhombic form.
With further compression to 22.2 GPa, the patterns of
the sample show distinctive features indicating a change in
the primitive unit-cell volume and the occurrence of a second
phase transition toward a new high-pressure phase. We no-
tice a splitting of the major intensity peak located around
2=9.5°. In addition, some diffraction lines of MoO3-II dis-
appear and other new peaks start to appear between 12° and
FIG. 4. XRD patterns collected at various pressures for MoO3 with incident
wavelength =0.6199 Å. : Au peak as an internal pressure marker in the
diagram. Symbols  and  show the appearance of new Bragg peaks cor-
responding to MoO3-II and MoO3-III phases, respectively. The top panel is
the XRD spectrum at 0.5 GPa after decompressing from 43 GPa.
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16° above this pressure. The phase transition pressure ob-
served in XRD experiments is in good agreement with the
Raman results.
We estimate the density of the compressed MoO3 to be
6.2–6.8 g cm−3 at the transition pressure. The number of
formula units is expected to be four. We analyze the different
candidate structures: P2, P21, Pm, Pc, P2 /m, P21 /c, and
C2 /c. The best reliable fit was obtained using the P21 /c
space group, designated as MoO3-III, which corresponds to
the maximum checked reflection and the minimum calcu-
lated reflections. Comparing our results with similar com-
pounds, it is interesting to note that WO3 has a first-order
phase transition to monoclinic P21 /c at 24 GPa.34,35 In addi-
tion, the results of Raman spectra further confirm the P21 /c
space group for MoO3-III, which is a distortion of the ReO3
structure, analogous to -MoO3. In the spectrum collected at
28.3 GPa, the Rietveld refinements converge to the structure
model of MoO3-III with residuals Rwp=3.0%, as shown in
Fig. 5b. The lattice parameters refined within this space
group for the MoO3-III phase were a=5.7492 Å, b
=4.8046 Å, c=6.0953 Å, =116.735°, and unit cell
volume V0=150.365 Å3 Z=4, as shown in Fig. 1c. The
unit-cell parameters and atomic positions of the MoO3-III
phase is given in Table I. The experiments show that the
high-pressure phase is stable at least up to 40 GPa.
Principal interatomic distances and relative orientation
of neighboring octahedra of MoO3 in the three phases calcu-
lated using the experimental cell constants and theoretical
atomic positions are listed in Table II. Under compression,
the Mo–O3–Mo angle and almost all nearest-neighbor dis-
tances display small modifications from the -MoO3 to the
MoO3-II phase. It is interesting to emphasize that the
O2–Mo–O2 angle has a significant change. This feature may
explain the Raman spectra changes, as shown in Fig. 2, in
which a new Raman peak appeared at about 270 cm−1 under
15.7 GPa. In addition, a change is observed from the
MoO3-II to the MoO3-III phase, especially for the Mo–O2
distance and the angles of O2–Mo–O2 and Mo–O3–Mo.
These variations may explain the changes in the Raman
spectrum at about 24.4 GPa.
The pressure dependence of the simulation cell lengths
and angles might provide substantial information regarding
the nature of the structural transition of MoO3. Figure 6
shows the cell parameters of the three phases over the entire
pressure range as functions of pressure, as obtained from
refinements of angle-dispersive synchrotron XRD data for
MoO3. While the a parameter is reduced by 9% from 1 bar to
13.3 GPa, the b and c parameters are reduced by less than
0.2% and 2%, respectively. In addition, the lattice parameter
along the a axis exhibits a strong nonlinear change with pres-
sure, whereas the other two axes vary almost linearly with
pressure. It indicates that the behavior of a-MoO3 upon com-
pression is highly anisotropic. A change in compressibility at
11.2 GPa is observed from the a-MoO3 to the MoO3-II phase
transition. We can also see that a small but discernible
change in compressibility of the a and c axis at 11–22 GPa.
It is important to note here that the monoclinic angle and
lattice parameter b gradually increase upon compression in
this pressure range. The changes in lattice parameters a, b, c,
and monoclinic angle for MoO3-III phase over the pressure
range were found to be 1.8%, 2%, 1.3%, and 0.6%, respec-
tively. Thus, the phase exhibits only modest anisotropy in
compression behavior. This phenomenon may be caused by
the phase transition involving a strong increase in bulk
modulus.
FIG. 5. Color online Rietveld full-profile refinements of the diffraction
patterns collected on compression at a 15.7 and b at 28.3 GPa. In the
high-pressure MoO3-II phase, the fit is good for the diffraction pattern
shown, with an Rwp=4.05%. In the high-pressure MoO3-III phase, fit is
good for the diffraction pattern shown, with an Rwp=3.0%. Red, blue, and
black solid lines represent experimental, calculated, and residual patterns,
respectively.
TABLE I. Cell parameters and refined fractional coordinates for the P21 /c










28.3 GPa 5.7492 4.8046 6.0953 116.735
Fractional coordinates x y z
Mo 0.7492 0.3041 0.9543
O1 0.5232 0.5993 0.6796
O2 0.1021 0.5693 0.2383
O3 0.7233 	0.0252 0.6622
TABLE II. Selected Mo–O distances and O–Mo–O and Mo–O–Mo angles
in MoO3 at ambient pressure and 15.7 and 28.3 GPa, according to three
different phases.
0 GPa 15.7 GPa 28.3 GPa
Mo–O1 1.67 Å 1.67 Å 1.72 Å
Mo–O2 1.95 Å 1.94 Å 1.85 Å
Mo–O3 1.73 Å 1.72 Å 1.72 Å
O2–Mo–O2 131.72° 144.36° 130.66°
Mo–O2–Mo 131.72° 144.36° 147.82°
Mo–O3–Mo 167.69° 168.89° 171.15°
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In order to determine the bulk modulus K0, its pressure
derivative K0, and the molar volume at ambient conditions
V0, a third-order Birch–Murnaghan equation of state fit of the
changes in the relative unit-cell volume with pressure Fig.
7 yields
P = 3/2B0V0/V7/3 − V0/V5/31 + 3/4B0 − 4

V0/V2/3 − 1 , 1
where B0 is the bulk modulus and B0 is the pressure deriva-
tive. Based on these results, we can determine the bulk
modulus of the a-MoO3 phase B0=48.251 GPa at a fixed
B0=7. Furthermore, the volume change from the a-MoO3
phase to the MoO3-II phase is only 1%. A bulk modulus
B0=143.413 GPa at a fixed B0=12 for MoO3-II was esti-
mated from the patterns obtained at high pressure. The major
component of this volume change is the compression of the
structure along the layer stacking axis. In addition, the tran-
sition pressure from the MoO3-II to the MoO3-III phase is
around 25 GPa with an estimated volume collapse of 10%,
which yields a bulk modulus value of B0=261.933 GPa
with B0=3.5. The phase transition involves a strong increase
in bulk modulus, which is slightly lower than that previously
determined for P21 /c-WO3 B0=296 GPa.
In summary, we performed in situ high-pressure Raman
spectrum and synchrotron XRD studies of molybdenum tri-
oxides up to 30 and 43 GPa, respectively. The goal was to
compare the pressure behavior of the MoO3 with that of the
previous work, in which they claimed that pressure alone
would not bring about the transition from -MoO3 to
MoO3-II. However, we observed that MoO3 has three differ-
ent phases upon compression to 43 GPa. A phase transition
from the orthorhombic -MoO3 into monoclinic modifica-
tion of MoO3-II structure was observed around 12 GPa, in-
dicating pressure alone did bring about the phase change in
disagreement with the previous claims. In addition, a P21 /c
space group is proposed for the monoclinic cell for a second
new phase, MoO3-III, around 25 GPa. The structural transi-
tions suggested by variations in Raman parameters are also
supported by recent XRD measurements. The pressure-
volume data of the two new molybdenum trioxides phases
were analyzed using the Birch–Murnaghan equation of state.
The zero pressure bulk modulus was B0=48.251 GPa and
its pressure derivative was B0=7 for -MoO3. The param-
eters for the two high-pressure polymorphs are B0
=143.413 GPa, B0=12, and B0=261.933 GPa, B0=3.5.
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